Quantum memory is an essential building block for quantum communication and scalable linear quantum computation. Storing two-color entangled photons, with one photon being in telecomband while the other photon being compatible of quantum memory, has great advantages toward the realization of long-distance quantum communication using quantum repeaters. Here, we report an experimental realization of storing a photon entangled with a flying telecomband photon in polarization as a spin wave, thus establishing entanglement between the telecomband photon and the atomic-ensemble memory in polarization degree of freedom. The reconstructed density matrix and the violation of Clauser-Horne-Shimony-Holt inequality show the preservation of quantum entanglement during storage. Our result is very promising for establishing a long-distance quantum network based on cold atomic-ensembles.
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To realize long-distance quantum communication, a quantum repeater has to be used to overcome the problem of communication fidelity decreasing exponentially with the channel length [1] [2] [3] . Quantum memories for light [4, 5] , which have been realized successfully during the past decade in different system including cold atom [6] [7] [8] [9] , hot atom [10] [11] [12] , solid matter [13] [14] [15] , a diamond [16] , and other s [17] [18] [19] , are key components consisting of a quantum repeater. The realization of quantum repeaters requires the storage of quantum information at local nodes and swapping the entanglement between adjacent nodes, which can be achieved by combining the two photons from different nodes intermediately [20] [21] [22] [23] [24] .Therefore, it is important that the photon travelling from the node to the Bell state measurement is in the low-loss window of transmission.
However this is very hard to realize in the scheme of Duan-Lukin-Cirac-Zoller [1] due to the lack of the accessible atomic levels of the material. This problem can be overcome using two different ways: one is the frequency conversion in atomic ensembles [25, 26] or in nonlinear crystals [27] .
Another solution is to avoid this problem from the start by interfacing sources of entangled photons, where one photon of each pair is at a telecommunication wavelength, with the other photon being compatible of an optical quantum memory [22, 14, 15] , as pointed out in Ref. 5 .
However an experimental realization of storing a photon as a spin wave entangled with a flying telecom-wavelength photon has never been reported before. Here, we report the storage of a two-color polarized entanglement in a cold atomic ensemble using the Raman protocol, by which the entanglement between the atomic spin wave and the flying photon in telecomband is achieved.
In our experiment, the polarization-entangled photons with the wavelength of one photon matching the transition wavelength of rubdium (Rb) atom while the other being in telecomband are generated directly by spontaneously cascaded emission in one atomic ensemble. This two-photon state is purified to be maximally entangled after one photon passes through an actively locked Mach-Zehnder interferometer with an attenuation plate inside. Then this photon is stored in another atomic ensemble embedded in the interferometer. In this way, the polarization entanglement is established between the atomic ensemble and the flying telecomband photon.
After a programmed time interval, we retrieve the atom-photon entanglement to photon-photon entanglement. We reconstruct the density matrix for the photon-photon entanglement with a fidelity of 86%, and find that the Clauser-Horne-Shimony-Holt (CHSH) inequality is violated by 3.5 standard deviation (s.d.) with noise correction. All the results clearly show the preservation of the entanglement during the storage. Our work proves a successful quantum memory for two-color polarized entanglement in a cold atomic ensemble that constitutes a basis for long-distance quantum network.
We want to mention that an erbium-crystal or an optical crystal fiber can store a photon in the telecomband because these materials have suitable transition energy levels, however storing non-classical light with a fidelity higher than classical limit is a hard task in these materials due to improper relaxation dynamics for pumping [28] or noise issues [29] . Recently, Tittel's group demonstrated the storage and recall of an entangled 1532-nm-wavelength photon in an ensemble of cryogenically cooled erbium ions doped into a 20m-long silica fiber, using a photon-echo quantum-memory protocol [19] .
The medium used here to generate polarization entanglement is an optically thick ensemble of 85 Rb atoms trapped in a two-dimensional magneto-optical trap MOT [30] . The experiment setup is presented in Fig. 1 In the experiment, the non-maximally two-color entangled photons are generated through spontaneously cascaded emission in a diamond-type configuration using orthogonal polarized pump light beams, which can be expressed as a two-photon state [31] : and the Signal-1 photon .This entanglement can be denoted as, 
performed on each member of the photon pairs before and after storage of the 795-nm photon.
From the measurement results we reconstruct the quantum state of the photon pairs in terms of its density matrix before and after storage (Fig. 2) .
From the reconstructed density matrices, we compute the fidelity which quantifies the overlap of the two-photon system. As is well known, the ideal retrieved polarized entangled state should be Furthermore, we demonstrate the entanglement after storage through checking the violation of the CHSH-type Bell inequality. We measure the correlation function 12 ( , )
E  , which can be calculated from each integration of the coincidence, with 12 ()  being the polarization angles of half-wave plate for the Signal-1 (Signal-2) photon. We obtainthe CHSH parameter In this experiment, the overall efficiency of storage is lower than 3%. This is mainly due to the spectrum mismatch of Signal-2 photon with our memory system. The Signal-2 single photon has a broad spectrum band (100~200MHz) which almost centres on the transition of control. Usually, a broad bandwidth wave packet can be stored in the cold atomic system through Raman memory protocol, which requires a sufficient spectral separation from resonant transitions [9] . However, in our experiment, this broadband single-photon wave packet of Signal 2 is almost on resonance, which makes both EIT protocol and Raman protocol difficult to be effectively thus an accurate time reference is obtained. We also make efforts to finally achieve a 6-ns rise time and an 8-ns fall time for the coupling light by an acousto-optic modulator (MT350-A0.12-800, A.A.) to get a better adiabatic evolution in memory process.
Another important aspect is the noise during storage. Due to the low memory efficiency of this process, the scattering noise coming from coupling laser still plays a role even after we use three home-made Fabry-Perot cavities with 10^7:1 ratio and 40% transmission totally. In measuring the scattering noise, we block the Signal-1 photon while keeping MOT B and the coupling light open. We obtain a two-photon coincidence ( 2) 8.6 g  before noise subtracted and ( 2) 13.6 g  after noise subtracted. Our data processing incorporates noise subtraction (Fig. 4b) .
In general, memory time can be improved by compensating the magnetic field or by using magnetic field-insensitive states [32] . Detection is mainly limited by the efficiency of the detector at the telecom-wavelength, which is 10% with a 1-μs dead time here; hence, this experiment can be improved significantly if superconducting detectors are used. A high-finesse cavity ( ~10MHz)
can be used to improve the memory process [9] , and thereby high memory efficiency and long storage time can be obtained. An even narrower fall time of the coupling light is preferred to obtain more sufficient adiabatic evolution for memory.
In summary, we have experimentally achieved the preparation and storage of the two-color photonic polarization entanglement, in which a 795-nm photon is stored in an atomic ensemble while a telecom-wavelength (1475-nm) photon flies to distant node. Our work shows a basic memory element for future long-distance quantum communication.
